Introduction
In this paper we focus on teachers' work with/on resources. Teachers, in their work in-class and out-of-class, interact with a variety of resources: textbooks; websites; discussions with colleagues; and also students' work. Adler (2000) proposes to consider as a resource 'anything likely to re-source' a teacher's practice; we retain here a similar meaning of resources, encompassing materials and also all elements intervening 'upstream' of teaching (e.g., emails with teachers, websites consulted, students' work).
We pay particular attention to teachers' collective work with resources. Teachers' collective work uses and produces resources; however, we claim that resources also 'produce' collective work and professional development. To investigate these claims, we study two contrasting cases, one in France and one in Norway.
In the following sections, we first introduce the theoretical framework used and present our research questions. Secondly, we explain the research design and associated methods. Subsequently, we present, discuss, and contrast the results emerging from the case studies.
Teacher collective work: learning from a focus on documentation
Teachers' interaction with resources has become a recognized field in mathematics education (e.g., Cohen et al. 2003) , and two theories that attempt to frame this process are those of interpretation of, and participation with, a resource (Remillard 2005) and of documentational genesis (Gueudet and Trouche 2009) . Teachers are permanently exposed to resources, some of which they have already used, and others which they discover for the first time. Even when they seem to use them 'normatively' (e.g., exercises from a textbook), we regard this as a creative dimension of their use: when using their resources in class, teachers often feel compelled to change them, in order to be able to address pupils' questions, difficulties, or misunderstandings. Therefore teachers' work with resources includes selecting, modifying, and creating new resources, in-class and out-of-class. We have proposed to term this creative work teacher documentation work, and its outcomes teacher documentation. These 'outcomes' are not restricted to new resources: (1) each 'renewing' of a resource impacts on other teacher resources, and may have different outcomes for what we name teacher resource system-the word ''system'' is purposefully chosen to emphasize that this system is highly structured, the structure being linked, more or less explicitly, to teacher activity; (2) documentation work also helps teacher knowledge, beliefs, and practices to evolve. Therefore, we consider the result of a particular teacher documentation work as a mixed entity composed of resources, and of a scheme (Vergnaud 1998) , connecting a given objective, the organization of action, and professional knowledge. We name this mixed entity a document, developed along a documentational genesis. The documentational geneses, and the evolution of the corresponding schemes, are central for teacher professional development (Gueudet and Trouche 2009) . Beyond the resource system of a teacher, we consider his/her documentation system as being composed of all his/her documents, that is, as a complex system of resources and schemes.
The work of the teacher is neither isolated nor individual; it is part of a system of schooling, a society. In short, it is culturally and socially situated. Teachers belong to institutions (Chevallard 2006) , which shape their professional practice. Even when teachers consider that they work alone, their documentation work is connected to others: they interact with many resources, and through these resources indirectly with other teachers (e.g., textbook authors), and also directly with other agents (e.g., students, school principals, colleagues). With this perspective, like Goos (2012) , we consider that teachers' beliefs, knowledge, and practice are intertwined (this association is captured in the concept of scheme), and we see teachers' development as a change in their socio-cultural practices.
We concentrate in this paper on collective work of teachers. The existence of a common working room, of ''official'' meeting hours, etc., is likely to support this collective work, and it can be facilitated (or constrained) by institutions connected to schools (e.g., ministry, government agencies). In terms of professional development, teachers can also work collectively in schools-the Japanese lesson studies are a well-known example (Fernandez and Yoshida 2004) . However, collective work of teachers is most evident in teacher education programs, and many research studies have considered such teacher collaboration within teacher education (e.g., Krainer and Wood 2008; Jaworski 2008 ).
More recently, collaboration in online teacher education has been investigated (Borba and Llinares 2012) .
In these studies, several authors refer to the notion of community of practice (CoP, Wenger 1998) . A teacher CoP is a group of teachers sharing a joint enterprise, a mutual commitment, and a resource repertoire. Many research works (e.g., Fuglestad 2007) consider that the group of mathematics teachers in a given school is a CoP. We do not make this assumption here. Teaching the same students can be considered as a joint enterprise, but there is no a priori evidence of a shared commitment. In our study we focus on ordinary teachers' collective work (in more or less informal collectives), and particularly for documentation purpose. Wenger (1998) stresses the importance of materials shared by colleagues. We assume here that in the case of mathematics, teachers' materials are particularly important because they shape the mathematical content in a particular way (Ball and Cohen 1996) .
Our research questions are the following:
• In which ways can teacher resources expose the 'collective work' of a teacher? • Do some aspects of documentation work, or selected resources, play a specific role and foster (more than others) teachers' collective work? • Under which conditions do teacher communities of practice develop in schools? What is the role of resources in this process? How does this articulate with teacher knowledge?
3 Context and methods: following teacher documentation in contrasting educational environments
In this section, we present (1) the two national contexts of France and Norway; (2) the two teachers; and (3) the design of our study.
National contexts
We have chosen to compare two mathematics teachers' cases: one in France and one in Norway. The two countries were chosen because we knew from experience that mathematics teachers were working there under very different conditions in the respective countries. Thus, rather than sampled for 'typicality' (i.e., to represent a typical teacher in France and Norway), we chose one ordinary teacher from each educational environment, to provide fertile grounds for the examination of phenomena related to their documentation systems. Our aim was to develop deeper insights into the phenomena under study, that is, teachers working with/on resources, and collectively in different environments and under different conditions. We summarize here important elements of the national working contexts for our investigations, which were conducted in lower secondary schools: the structure and places of teachers' work in school; and the occasions and nature of teachers' collective work. In France, teachers at secondary school work approximately 18 weekly lesson sessions (of 55 min) with their students. Typically, there is a unique ''teachers' room'' in the school, for all teachers (there is a specific situation for science teachers, who have a ''laboratory''). The out-ofclass work is done mainly at home, and teachers only meet briefly during breaks. Each year all school staff meet the day before school starts, in order to address questions of general interest (e.g., national educational objectives, local school goals). During the year, for a given class, the teachers involved meet three times for the ''class council,'' which evaluates each pupil's progression in terms of his/ her achievement and marks. At the end of each academic year the ''subject discipline councils'' meet, gathering all the teachers of each discipline. Among other things, at these meetings they choose textbooks (that are bought by the school and lent out to pupils for 1 year). Another opportunity for common work is the preparation of common tests.
Professional development courses are not compulsory for secondary school teachers and do not lead to career developments (apart from succeeding in specific national 'concours'-competitive examinations). Career developments mostly depend on inspectors, who evaluate teachers' pedagogic practice approximately every 5 years. There are, however, opportunities for professional development in different associations. In what follows we will in particular mention Sésamath, a mathematics online teacher association (Sabra and Trouche 2011) , which collaboratively develops free online textbooks and various interactive resources.
In summary, France offers a varied landscape for mathematics teachers' work: no rooms and time for collective documentation work in school, but a number of occasions for such work developing at the fringes of institutional settings.
In Norway, for a full-time position, mathematics teachers at lower secondary level are expected to work between 20 and 23 periods of 45 min per week. Teachers work in their 'own classrooms,' but there are also 'open classroom' schools (e.g., several teachers teach in a large 'open space' environment). Each school has a staff room, where teachers meet at break time or for 'plenary' meetings (all-staff meetings), and occasionally after school. Teachers often prepare their lessons in school and each teacher typically has a small desk in a large 'team office.' Thus, it can be said that Norwegian teachers stay in school for most of their working day. Moreover, there are particular meetings which are part of teachers' duties and which are important opportunities for teachers to work collectively: (1) 'team meetings,' where a team (e.g., mathematics/year group team) discusses the work for the forthcoming week/s (e.g., 'arbeidsplan' 1 -work plan) for each year group. These teams also decide on textbooks for the year groups (lent to pupils for 1 year) and they set up short tests/ assessment of the topic area covered by the work plan. (2) 'Planning days' (eight throughout the year) are compulsory days, where all staff work on particular objectives of the school.
There is no teacher assessment or inspection in Norway. Professional development courses have not been obligatory for teachers. In terms of professional development, a distinction is made between 'in-service teacher education' (for gaining credits) and 'further teacher education' (without credits). In terms of in-service education, success in reaching a higher education level is linked to a higher salary. In terms of further education, short-term professional development courses are typically offered by the National Mathematics Centre or other mathematics education institutions (e.g., Promoting Inquiry-based learning in Mathematics and Science Education across Europe-PRIMAS project;
2 Lyngved et al. 2012) . National tests/ing of pupils is overseen by the National Mathematics Centre and only administered by schools; thus they do not provide opportunities for teacher collective work.
In summary, Norway offers many opportunities for teachers to work collectively: in school in terms of time and spaces (and teachers often sit together for organizing the work for their groups), and also in terms of professional development courses outside school. However, there have not been clear incentives, or a culture, to participate in such courses.
The study
The design of the study is based on a case study approach (Yin 2003) , where two teachers' documentation work was explored. We selected two ''ordinary'' teacher cases: one in France and one in Norway. The 'sampling' of these two teachers was not intended to be representative (see earlier explanation), neither did we look out for ''exceptional teachers''; therefore we chose teachers neither at the beginning nor at the end of their careers, neither reluctant nor militant regarding collective work. The selected teacher in France, Vera, had approximately 15 years of teaching experience: first teaching science (mathematics and physics) in a vocational school; and subsequently mathematics in a lower secondary school. The Norwegian teacher, Inga, has been teaching for 11 years: first mathematics and science; more recently only mathematics in a lower secondary school. Hence, we claim that they shared important elements of background.
In order to follow their documentation work, we used a specific methodology providing data on teachers' work on resources, in-school and out-of-school, which we named reflective investigation (Gueudet et al. 2012) . It is based on particular principles: long-term and continuous follow-up (the development of documents needs time); in-class and out-of-class follow-up (the documentation work takes place in different places); broad collection of the material resources used and produced (as elements of a teacher's system of resources); and reflective follow-up of the documentation work involving the teacher in the collection of data (for access to his/her work in-class and out-of-class). Adhering to these principles, the following research instruments have been used:
• Interviews with the teachers about their resources.
These interviews were semi-structured. We asked both teachers (see ''Appendix'') about their resources ('old' and recent developments), documentation work, and collective work, mainly in their present but also in their previous schools; • During these interviews, the teachers were asked to draw a schematic representation of the resource system (SRRS), outlining the structure of her set of resources, linked to her different activities; • We followed, video-taped, and transcribed lessons (Vera: two lessons, grade 6 and grade 9; Inga: one lesson, grade 9). We also collected all the associated resources for these lessons: lesson preparation; textbooks' extracts; student worksheets, etc.
In addition, Vera filled in a logbook, over 1 month, describing her documentation work. We did not record collective work (meetings, or workshops, where the teachers participated). This was not our choice, but a consequence of the circumstances: no such meeting took place during the follow-up. For this reason we remain cautious in our interpretations concerning collective work, because they only draw on the teachers' descriptions and on their resources.
Data analysis
The analysis involved category generation and saturation based on constant comparison, as advocated by Glaser and Strauss (1967) . With the interviews, the SRRSs, and for Vera the logbook, we could track: firstly, the way the resources were conceived and used; and secondly, the collective dimensions of the teacher's documentation work, as identified by the teacher herself (her subjective view on her resources and on her collective work). We did this by systematically noting: the resources cited; the use of these resources described; the persons cited; and the collective activity (or non-activity) described with these persons.
We then compared this subjective view with our 'direct' materials and observations: the resources we collected (different versions of a worksheet evidencing evolutions, textbooks, etc.); and the classroom observations and videos. In our data, we do not have direct observations of collective work, but different sources and evidence of collective work: a common textbook; a common examination text; evidence of actual collective work.
For each type of collective work, we examined the interviews for its aims and the favorable conditions that may have fostered it, or indeed the obstacles that may have hindered it. In particular, we retained the explanations provided by the teacher, and we investigated the possible connections between these explanations and the resources used and produced. In this way we developed deeper understandings of each teacher's documentation system and the relative importance of its collective dimensions.
Vera's and Inga's documentation work, description of resources and collective aspects
In this section, we describe Vera's and Inga's documentation work. We follow the same structure for both cases: starting from what they said concerning collective aspects of their work and subsequently presenting an investigation of their resource systems.
The case of Vera in France
Vera has worked for the past 3 years at a lower secondary school, where she teaches mathematics. Previously, she had worked for 10 years at a vocational (upper secondary) school, where she taught mathematics and physics.
Collective aspects in Vera's work: an overview
In her interview Vera cited fifteen kinds of agents who intervened in her work. Drawing on the interview and the classroom observations, we note these agents, the activities, and the resources (used with these) in Table 1 . Vera mainly mentioned collaborative work with mathematics colleagues in her own school. She made several attempts to work with a colleague in physics, or with colleagues in other schools, but these remained unsuccessful. She described a previous situation, in her vocational school, as a 'real collaborative work' by the team of mathematics/physics teachers. These teachers shared a common room, and two booklets, presenting chemistry and physics lessons, were presented as ''a shared bible.'' Compared with this, Vera was disappointed about the (missing) collaboration at her present school. Nevertheless, several common activities and shared resources existed (see Table 1 ). Interestingly, she also had distant exchanges with websites' authors: a new form of collective work linked to digital resources. Vera also followed professional development courses. She appreciated discussions with colleagues and resources provided by trainers, but did not mention these as central aspects.
Elements of Vera's resource system
In her schematic representation ( Fig. 1 ) and in her interview, Vera gave a ''geographical'' description of her resource system, as organized in two parts, linked via her USB key: No real common activity-disappointing attempt.
a Core content, describing the skills that must be mastered by all students at the end of the compulsory education b One for each student. These notebooks follow pupils throughout their lower secondary schooling, from grades 6 to 9, and include all the important mathematics assessments/results c Certificate of ability for teaching at secondary school, national competition for recruiting teachers
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-One part was located at her school (right-hand side of Fig. 1 ). Two places were identified as important: a cupboard located in her classroom; and the computer for mathematics teachers located in the common teachers' room. In the cupboard one shelf was dedicated to each class. She kept various kinds of resources on these shelves: the worksheets she had prepared for her students; administrative papers; and mathematical tools such as compasses and rulers. In the mathematics teachers' computer Vera had two main folders: a personal one; and a second one shared with other mathematics colleagues. -The other part was located at home (left-hand side of Fig. 1 ), where she also had a cupboard and a computer. Moreover, in her room she kept scientific journals (subscribed for her son), and she used them for her students. Vera identified the computer as a ''crucial resource.'' It included all digital versions of her course preparations, organized in folders, one for each class. The other resource identified as crucial was her paper folders. In these folders, she kept copies of exercises or activities found in textbooks or journals.
In the interview she also cited many other resources: personal resources, such as books or courses from her previous vocational school, and a lot of websites, but also resources shared by all the mathematics teachers at her school. Among these resources textbooks played an important role (according to her, and this was confirmed by our classroom observations). Vera mostly worked with two books: Hélice (Chesné et al. 2009 ), chosen 5 years ago by the teachers of her school because it proposed an original way of teaching and learning; 3 and the Sésamath textbook chosen 1 year ago, with her colleagues, because of its digital format and facilities of use with the interactive white board. In the grade 6 lesson we observed, she projected an animated figure extracted from the Sésamath textbook.
We retain from this description that collective aspects were present in Vera's resources, but she seemed to underestimate selected aspects, valuing mostly individual resources. We discuss this further in Sect. 5.
The case of Inga in Norway
Inga had been trained over 4 years' teacher education as a 'barneskole' teacher (previously, compulsory educationgrades 1-10-was in one school form, 'barneskole,' and its teacher education was for teachers of all grades and subjects), and she had specialized in mathematics and science education in her last year of teacher education. Subsequently, she had been working for 11 years in the school where she was working now. When we interviewed Inga, she taught only mathematics (not science) in grade 9, and she shared the mathematics teaching of the whole year/ grade 9 groups with another teacher. Each teacher had three grade 9 groups, that is, 12 h per week.
She did not talk favorably about her teacher education, nor about her specialized education in mathematics (in the fourth year): she said that she (and other student teachers) 'mostly learnt to calculate, to solve tasks' and 'not so much didactics' of mathematics.
Collective aspects of Inga's work
In her interview, Inga cited nine kinds of agents who intervened in her work. We identified these agents, the activities, and the resources used with them, and collected them in Table 2 , drawing on the interview, her SRRS (Figs. 2 and 3) , and the classroom observations. Typically, teachers of the same grade-teaching had weekly meetings to discuss the mathematics teaching for the following week-this was scheduled time for subjectteaching preparation for teachers of the same year group, typically with one teacher leading the group. Unfortunately, Inga did not work well with her colleague ('we have different ambitions'), and she thus mainly worked on her own. Furthermore, she had allocated time for particular pupil groups: she received an extra hour to help 'weak pupils' with their homework. Moreover, there was a system called 'exercise help' where Inga helped the 'clever' pupils to progress through the curriculum.
Inga also took part in professional development activities. She mentioned that since her teacher education and over the 11 years of her teaching she had participated in few events, and apparently there had not been many on offer: some appeared to be offered by the municipality, where teachers from other schools initiated discussions about particular topic areas; or by the national mathematics center. However, Inga was not enthusiastic about any of them, and she welcomed the new PRIMAS initiative/course which was running over 18 months and providing her, so it seemed, with opportunities for discussion with colleagues about mathematics (and science) didactical topics she did not seem to have had before. Asked to represent her resource system, Inga decided to produce two schematic representations. Interestingly, each of them was attached to a specific set of activities, characterized by a common objective: firstly, the lesson preparation (Fig. 2) ; secondly, the communication with/ feedback to participants (Fig. 3) . In terms of lesson preparation (Fig. 2) , Inga firstly mentioned textbooks, provided by the school library, not only the one used in class, 'in order to search for ideas.' There was also her 'own literature,' which she had collected over the years and which she drew upon for ideas (e.g., 'maths magic'), or activities and games (e.g., 'bingo'), and the web (for activities, films, etc.). Interestingly, and through the common resource of 'teaching scheme/program,' she shared ideas with other colleagues who taught the same groups. Inga worked on her own much of the time to prepare her lessons-there were few opportunities for collegiate work. Mathematics textbooks and the web were the main resources for her preparations, and to a lesser extent discussions with colleagues.
In terms of feedback to pupils and parents, most of Inga's resources (Fig. 3) were linked to collective processes, but observations showed that the collective interactions happened mostly with pupils, and to a lesser extent with parents. Nevertheless, some of the resources mentioned, in particular the 'work plan' and the 'criteria scheme,' were also shared, and partly developed, with colleagues.
In summary, it can be said that there were two systems of resources in Inga's case: (1) a system for the (preparation of the) teaching and learning of mathematics; and (2) a system for feedback, mainly to pupils and parents, which was of more general nature.
Discussion: drawing on the two cases, and their comparison
Both Vera and Inga claimed that they did not often work collaboratively. However, when we investigated their work with resources in more depth, collective aspects emerged. In this section we analyze these aspects, firstly within the case of each teacher; and secondly across the two teachers' cases. Our aim is to develop a better understanding of the nature of this collective work and its link with resources, and to identify conditions fostering collaboration, in particular the emergence of CoPs.
Vera's collective activities: conditions for collaboration
In her interview, Vera described 'very satisfying' collective work at her (previous) vocational school and unsatisfactory collective work at her present school. She considered the collective work as satisfactory when it directly concerned the preparation of courses: discussions about lessons; what had been done/worked on with students (described as frequent at the vocational school); preparation of students' worksheets, etc. Preparing together the examination texts, or a curriculum plan for the whole year, seemed less interesting-perhaps more remote from what Vera regarded as the essence of her work. At her present school Vera regretted that collective work did not focus on courses. The choice of the textbook had been collective, and this is in line with the results obtained by Diekema and Whitney Olsen (2012) , who observed that advice given by colleagues was the first reason for the adoption of a new resource by teachers. Vera complained about having no opportunity to ask questions, such as: ''And you, how do you teach such and such a notion ….'' Comparing her previous school with her present school, several conditions emerged which appeared to have provided opportunities for collaboration:
1. The existence of a common room: in her (previous) vocational school there had been such a common room, called the 'laboratory,' whereas in her present school each teacher had his/her own classroom with his/her own resources (including some of them shared). Vera said that when she worked alone in her room, she left the door open, in case a colleague would ''want to come in and discuss'' with her-a substitute for a common space; 2. A 'shared professional difficulty' (which required a shared approach for solving it): in her (previous) vocational school this had been the low level of student achievement. Vera said that this required a collective effort from the teachers, and a particular reflection on mathematics and science education; 3. A common resource (regarded as crucial by the teachers): such a 'crucial common' resource existed in her previous vocational school-it was the 'shared bible' (Table 1) , a pair of booklets (one for physics and one for chemistry) authored by a university physics teacher. Only one exemplar existed, which was available in the laboratory. Thus, the colleagues shared the same source, and they discussed it: questions such as ''did you already try this experiment?'' were apparently common. These discussions, according to Vera, influenced what happened in the classroom. In her present school, mathematics textbooks were seen by her as a shared resource, but not perceived as crucial; 4. Elements of common beliefs about the teaching and learning of mathematics: these were shared in the case of the vocational school, and not shared at her present school. In Vera's view these differences constituted an obstacle for collective work. She declared that ''teaching mathematics at secondary school, we set constraints that I do not understand.'' According to her, there was too much rigor, too many expectations about the precision of the vocabulary, for example. To the question ''but who sets these constraints?'' Vera replied she thought ''the colleagues'' did. However, she seemed to share some beliefs with at least some colleagues, for example about the need to revisit the same topic several times (whilst deepening it), which was linked to their collective choice of the ''Helix'' textbook and its spiral learning progression.
The comparison between two schools' practices revealed contrasting contexts of teaching. The situation in the vocational school was certainly more favorable (and perhaps embellished as things from the past) for teachers' collective work. Considering the second and third conditions cited above, we claim that Vera described the group of math/physics teachers at the vocational school as a CoP: they had a joint enterprise-to find solutions to deal with students' difficulties; they shared a common repertoire with 123 an important resource; they shared professional knowledge and beliefs-which can be seen both as a condition for being a member of the same CoP, and as a consequence of it. At the lower secondary school, the team of mathematics teachers did not present these features, according to Vera. Direct observations of these groups (e.g., meetings) were not possible in our study; hence we retain Vera's descriptions of these groups as CoPs (or not).
5.2 Inga's collective activities: ingredients of 'true' collaborative work Inga, like Vera, drew on a variety of resources in her documentation work. Selected resources (e.g., 'criteria scheme') appeared to connect Inga with her colleagues. This year Inga mostly worked on her own for her lesson preparation. Whereas the school system allowed for and encouraged the coordination of subject teaching in any one grade, interpersonal difficulties with the other grade 9 mathematics teacher prevented collective work in Inga's case. More generally, however, Inga saw a problem for collective work with colleagues in her subject area: she said that there were 'so many tasks with students,' for example 'pupil issues … to follow up on individual pupils and problems they have' (see also Table 2 , it is evident that work with individual pupils, whether for support in mathematics, or general pastoral care, took a relatively large proportion of her time. Nevertheless, she worked collectively in other ways. Inga saw opportunities for designated time and work with mathematics colleagues in the region when joining the PRIMAS project. PRIMAS was an EU-funded research and development project, which aimed at professionally developing mathematics and science teachers in terms of inquiry-based learning and teaching (using particular modules), so that they could subsequently work with other colleagues as 'multipliers' (instructional leaders) in their or neighboring schools. In Norway the EU PRIMAS project drew together mathematics and science teachers from the district where Inga was working, in order to work together on:
• inquiry-based learning tasks and their preparation for teachers' classroom practice; • particular modules including those tasks and specific pedagogical approaches (e.g., formative assessment practices such as questioning) to be used by teachers for their lesson preparations.
Inga was one of the PRIMAS teachers of her school who subsequently became a 'multiplier.' She declared that this was what teachers in local schools wanted: 'the cooperation'; discussion on 'each theme'; 'how good teaching' could be planned; and 'a system for this'. In her view 'true' collective work needed the following ingredients:
1. Cooperative spirit and will amongst mathematics teacher colleagues: she said that this was 'something that the other teachers want[ed] as well' and that 'we [the teachers] want to make it work'; 2. Work on a commonly (agreed) theme (e.g., inquirybased learning/teaching); 3. Common perceptions and beliefs on what 'good teaching' means (e.g., module/s involving formative assessment strategies); 4. Provision of space, time, and particular support: the support of head teachers and the district authority was seen as important, in particular in terms of recognition of their work and of timetabling the PRIMAS sessions into teachers' work plan.
Thus, it can be argued that whilst in Inga's environment she was expected to work collaboratively with pupils (and parents) for a large proportion of her time, she really wanted to sit with colleagues and collectively discuss the mathematics and its didactical implications for teachinghence her positive involvement in the PRIMAS project: it gave her the space, time, and collegiality she was looking for in her professional development.
We will now investigate further the commonalities and differences of these two cases.
Institutional conditions for teachers' collective work in France and in Norway
Institutional conditions appeared very different for the two teachers, influencing their opportunities for collective work and their perceptions on what was central to teachers' work. In France only the teaching time in front of students was counted as work, and consequently there was no space devoted to teachers' work in school outside their teaching time. In Norway, however, teachers' working time included work with pupils (in and outside the classroom), work/ meetings with parents, and work with colleagues; and special rooms were allocated for teacher collective work. Moreover, in France the occasions of teacher collective work in school appeared fewer than in Norway, and with directed outcomes (e.g., choice of a common textbook; design of common examinations). However, outside school there seemed to be more occasions of teachers' collective work (e.g., in associations) than in school. In Norway, teacher collective work happened regularly, as a matter of course, in school, and teachers worked together on the production of particular resources which supported their regular teaching work (e.g., work plans). In both countries there were possibilities for in-service teacher education and professional development, albeit mostly not compulsory, and often not recognized in terms of career prospects.
Conditions for the development of teachers' collective documentation work
In Norway the working conditions for mathematics teachers inside the school seemed to be conducive to collaborative work, in terms of places to work and allocation of timetabled hours. Nevertheless, Inga declared that in her lesson preparations she worked largely on her own, but she valued collective work with colleagues in terms of professional development. In France, Vera considered that the collective work at her vocational school had been satisfying, in particular because she had shared a common room with her colleagues, where they had time to meet. This led us to consider Inga's case with care: it appears that the material and organizational conditions of collective work are not enough to ensure its development. Regular meetings offer opportunities for collaboration, but real shared practice is typically linked to a shared project. At Vera's vocational school, the teachers had faced a common problem (common learning difficulties of their students), and they had also shared a common resource. However, the lack of collective work at Vera's lower secondary school was also linked to her identification of particular beliefs which she did not share with other teachers. In her view, many mathematics colleagues set too many 'constraints' (e.g., precise vocabulary, rigor) to be able to discuss the essence of a lesson. It can thus be argued that the conditions for the development of teachers' collective documentation work are likely to correspond to the conditions of the emergence of teachers' CoPs. Wenger (1998) considers that members of a CoP learn together; they develop shared knowledge, and the shared knowledge is both an important outcome and a necessary condition for this collective documentation work. Hence CoPs can be regarded as a development of teachers' collectives (constituted for documentation purposes) under particular conditions (typically a commonly shared problem). The same can be said for collaborative work outside school. A group of teachers following a teacher education program does not always turn into a CoP. Inga talked little, and not favorably, about her teacher education (and subsequent collaboration). The only and recent collective 'outside' activity, which Inga valued highly, was the PRIMAS professional development course-she was very keen to continue collaborating with this group. We claim that a central difference was that the PRIMAS group constituted a CoP, whereas the others groups were not perceived by Vera as such a community.
Collective work outside communities
Investigating the conditions of emergence of CoPs is important. Nevertheless, we claim that teacher collective documentation work also happens outside communities, and that it is strongly linked with the use of particular resources. At her lower secondary school Vera worked with some of her mathematics colleagues. They designed resources together for the assessment of specific skills listed in the official standards. They chose together the Hélice textbook (with its very special spiral learning structure). Inga also recognized collaborative activities with colleagues and these typically focused on particular resources, for example the 'work plan' where she and her colleagues would discuss the work for a particular year group over 1 or 2 weeks. However, these were not the same mathematics-related questions which Vera would see as essential for productive collaborative activities (e.g., how to teach a particular topic, which common problems did students have).
Collective work in groups of teachers, which cannot be considered as CoPs, also exists outside school. Vera used web-based resources, such as the web-based textbook Sésamath and other online resources (e.g., 'dicomath'), and she communicated with authors. She was not a member of the Sésamath community (Sabra and Trouche 2011) , but her use of Sésamath resources influenced her documentation work. Inga also used the web for lesson ideas. However, none of these resources allowed her to communicate with other professionals, thus did not link her to collective work, except for the PRIMAS resources (on the web) which she used occasionally.
In terms of professional development programs, Vera appeared to have had good experiences at university, but had not found a group of mathematics teachers she could work with as a collective. It seemed that Vera followed more such programs than Inga, and interestingly both appreciated in particular the discussions with colleagues about mathematical and didactical subjects. Both Inga and Vera describe a kind of professional ideal about working with colleagues, which corresponds to the features of a CoP, and which they could not reach in their present schools.
Conclusion
In this conclusion, we go back to the research questions presented in Sect. 1. In the discussion above, elements of answers to these questions appear which we now synthesize and deepen.
Concerning question 1, in both case studies we focused on teachers' resources and on their use of these resources, and this lens provided insights into the collective dimensions of their work (even for collective dimensions which do not explicitly have documentation work as an aim). As mentioned at the beginning of this paper, the collective work of mathematics teachers has been investigated in many studies. However, focusing on resources (how they are collectively chosen, how they are transformed and combined, by teachers working together) and using collected resources as central data to study collective work seem to constitute a new approach. In the two cases studied here, we observe that resources provide access for the researcher to teachers' work, collective work in particular. Designing lessons together is not frequent; but teachers choose resources together (such as the textbook), they share resources (files on a computer, or a reference book), and this evidences collective processes.
Concerning question 2, we have identified, in both cases, that collective preparation of lessons, or tasks, was a central aspect of documentation work. The other kinds of collective documentation work (e.g., preparing a learning progression or an exam text, or following specific students) were considered as less important, both by Inga and by Vera. The lesson (and mathematical task) preparation was at the heart of the teachers' work, like the work in class with students. This could be done with colleagues at school (see Vera's past experiences in her vocational school), or in the frame of professional development (like Inga in PRI-MAS). Whatever the context, collective lesson and task preparation required, and contributed to, the development of shared professional knowledge. In both cases, this collective preparation of lessons was fostered by specific resources: the two booklets considered as ''a shared bible'' in the case of Vera; particular textbooks (or the PRIMAS tasks and modules) in the case of Inga.
Concerning question 3, both teachers described their involvement in a group in terms of the features of a community of practice, and they were very satisfied with this experience. In fact, they regretted that the group of mathematics teachers at their school did not seem to be developing into such a community: for them the reasons were linked to 'too different beliefs' and 'too different practices.' Thus, one of the results of our study is a negative one. The examples developed by Wenger (1998) could suggest that a group of colleagues is always a CoP, in particular in the case of mathematics teachers working in the same school (Fuglestad 2007) . We observed that this cannot be claimed. From our results, we retain conditions for the development of a CoP which correspond to the following three interrelated dimensions:
1. A mutual endeavor: interestingly, the literature on lesson studies (Fernandez and Yoshida 2004) states that one of the challenges for teacher learning is 'a common goal' for study. Even if teachers come together, it does not necessarily mean that they have the same 'common goal.' Getting together for the 'work plan' might mean different things for different teachers, as Inga explained: for some it meant being given the exercises for differentiation; for others, like Inga, the expectations would be to discuss the learning trajectory of the particular mathematical topic areathe work with resources in collectives needs a shared purpose; 2. ''Minding the system'': this relates to general norms of participation and standards for pedagogical decisions.
In the case of Inga, there were few 'norms' and guidelines provided by the schools or the national curriculum, thus teachers had to make their own choices (both in terms of resources as well as in terms of pedagogical decisions) and they did this in their weekly team meetings, where one specialist teacher led the group. In other words, in order to work with resources/resource systems collectively, the system needs someone/something/a group of people 'minding the system' (Vickers 1995) . In the Sésamath association, which designed the book used by Vera, a particular team was 'minding the design' of the textbook; 3. Common forms of addressing and making sense of resources: this includes 'normative ways of reasoning with instructional materials and other resources when planning for instruction' (Wenger 1998) . Teachers' documentation work links precisely to this: individual resources turned into 'collective resources' when teachers made sense of them and used them collectively for planning for, or in, instruction.
Thus, advantageous conditions in terms of material provisions or time allocations are not enough to engage a dynamic towards a CoP. Engaging such a dynamic requires teachers to work on common resources and to share professional knowledge and beliefs about the teaching of mathematics. This is clearly a twofold process: teachers who share the same knowledge will retain the same resources, and engage 'smoothly' in a common documentation work; teachers using the same resources are likely to develop similar knowledge.
Clearly, further research is needed to better understand these complex processes. In particular, collecting data corresponding to the direct observation of groups of teachers working together is necessary for a more concise analysis of collective documentation.
Nevertheless, the study presented here leads us to claim that turning collectives into communities requires the development of a synergy between teachers and resources. This synergy can be facilitated by material conditions (space and time allocated for teachers' collective work in school); and supported by external conditions (teachers' associations, projects with researchers). Essentially, beyond the differences between the two contrasted cases we have analyzed in this paper, the productive synergy towards CoPs seems to come from the necessity for the teachers to renew their resource systems, in order to face critical problems arising in the 'fabric' of their teaching.
Appendix: Questionnaire and interview
We present here the questionnaire and interview questions used with Vera. The written questionnaire was completed before the interview. The first part of the interview (questions in italics) complements the questionnaire, drawing on the written answers.
Questionnaire and first part of the interview 3. The following questions concern the resources of your teaching (ICT, textbooks, websites…) What are, or have been, the most-used resources? What criteria for their choice? What use of these resources?
• 3.1 When you started your career • 3.2 Five years ago • 3.3 Now 3.4 What might be your resources in 2020? 3.5 About ICT resources, can you describe the environment in your school in terms of computer room, interactive white board, and colleagues interested by this equipment?
4. About the textbook Hélice which you now use to prepare your lessons in grade 6
• 4.1 When did you start using it, and why?
• 4.2. How do you use it to prepare your courses? Second part of the interview Imagine that you go on leave for 1 year. I come to replace you, and try to act your way (as similar as you as possible). What should I do, to prepare the courses, to work with the pupils?
